Background and purpose: Clinical guidelines recommend the prescribing of gastroprotective strategies in nonsteroidal anti-inflammatory drug (NSAID) users with risk factors for gastrointestinal (GI) ulcer or ulcer complications. However, these guidelines are not often translated into clinical practice. Therefore, the aim of this study was to investigate the utilization of gastroprotective strategies for NSAID-induced upper GI events in at-risk users in a major teaching hospital. Patients and methods: A cross-sectional, observational, pharmacy-based study was conducted in a major Asian institution with both primary and secondary health care services. This study involved the screening of prescriptions for regular NSAIDs, and patients who met the inclusion criteria were recruited and interviewed using a questionnaire. Results: Of the 409 participants recruited, 83.1% had at least one GI risk factor, of whom 70.3% did not receive appropriate gastroprotection. The most common GI risk factor was the use of high-dose NSAIDs (69.2%), followed by participants aged 65 years and older (22%) and concomitant use of low-dose aspirin (11.7%). Appropriate gastroprotective strategies utilized consisted of the use of a cyclooxygenase (COX)-2 inhibitor alone or a nonselective NSAID plus a proton pump inhibitor (PPI) in the moderate-risk group and a COX-2 inhibitor plus a PPI in the high-risk group. Gastroprotective strategies were underutilized in 67.1% of at-risk participants and overutilized in 59.4% of those without risk factors. Co-prescription of a histamine-2 receptor antagonist at lower-than-recommended doses constituted 59% of the inappropriate gastroprotective agents used. Logistic regression analysis revealed patients aged 65 years and older (odds ratio, 1.89; 95% CI =1.15-3.09) as a predictor for the prescribing of gastroprotection by the clinicians. Conclusion: Approximately 70% of at-risk NSAID users, mainly on high-dose NSAIDs, were not prescribed appropriate gastroprotective strategies. Further measures are warranted to improve the safe prescribing of regular NSAIDs.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are the mainstay treatment for the alleviation of pain and inflammation that are both acute and chronic in nature. 1, 2 However, the usefulness of NSAIDs is often plagued by its adverse effects that may affect the renal, 3 cardiovascular 4, 5 and gastrointestinal (GI) systems. [6] [7] [8] [9] NSAID-induced upper GI (UGI) effects are the most commonly reported, namely dyspepsia that affects 5%-50% of users, 10, 11 endoscopic ulcers (5%-30%) 2, 12 and serious ulcer complications, such as perforation, obstruction and bleeding (1%-2% of chronic users), which often lead to hospitalization and even death.
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In addition to the four-to fivefold increased risk of developing serious UGI ulcer complications compared to nonusers, 7, 14 NSAID users are subjected to a further two-to tenfold risk, depending on the presence of GI risk factors in the individual. 15 Definite GI risk factors recognized by most practice guidelines are as follows: a history of GI ulcer with/ without complication, advanced age, use of concomitant medications such as corticosteroids, anticoagulants and aspirin, and the use of high-dose NSAIDs. 16 The MUCOSA trial found that the annual incidence of NSAID-induced GI complications increased from 0.8% in patients with no risk factor to 18% in those with four risk factors. 17 As such, practice guidelines globally have recommended that NSAID users with at least one GI risk factor be prescribed gastroprotective strategies, namely 1) co-prescription of nonselective NSAID (nsNSAID) with a gastroprotective agent (GPA) such as misoprostol, a double-dose histamine-2 receptor antagonist (H2RA) and a proton pump inhibitor (PPI) and 2) use of a cyclooxygenase (COX)-2 selective inhibitor instead of an nsNSAID. [18] [19] [20] [21] Nevertheless, the problem of NSAID-induced UGI adverse effects is still not being managed successfully. A recent systematic review revealed that more than half of the NSAID users with risk factors did not receive appropriate gastroprotection, although the weighted mean GPA co-prescribing rate had improved slightly over the years. 22 Thus far, the utilization of gastroprotective strategies in Malaysia is still not well documented, and yet the use of NSAIDs is expected to increase continually, especially among the elderly population. Anti-inflammatory and antirheumatic medications were ranked as the seventh most commonly used drugs by therapeutic group in 2008 (11.2247 defined daily dose/1,000 population per day), with an estimated 1.12% of the Malaysian population utilizing them. 23 Therefore, the aim of this study was to identify the risk factors for UGI events in NSAID users and to assess the appropriateness of gastroprotective strategies used in a major hospital in Malaysia.
Patients and methods
Study design and population
A cross-sectional, observational study was conducted in a major Asian teaching hospital. Patients were recruited via convenience sampling of prescriptions with NSAIDs, from April 2013 to May 2015. Patients who filled their NSAID prescriptions at the outpatient pharmacy of the teaching hospital were approached to participate in the study. Six types of NSAIDs were available at the outpatient pharmacy: diclofenac sodium (Na) ( Patients aged 21 years and older, able to communicate in English, Malay or Chinese and were on at least one regular NSAID for a minimum of 2 weeks were included in this study. Patients who were prescribed an NSAID on an "asneeded" basis, prescribed only aspirin and no other NSAID, given the quantity of NSAID that was for ,2 weeks, had serious comorbidities such as stroke and serious trauma, and had poor cognitive function were excluded from the study.
The required sample size was calculated based on a confidence level of 95%, within 5% margin of error, for an infinite study population size, assuming that 50% of the study population was given appropriate gastroprotection. Using the formula by Daniel and Cross, 24 the sample size required was 384. Therefore, at least 400 patients who met the inclusion criteria needed to be included in this study.
Study outcome measures and data collection
The outcome measures of this study were: 1) types and number of GI risk factors among the NSAID users and 2) types of gastroprotective strategies prescribed. The American College of Gastroenterology (ACG) guidelines for the prevention of NSAID-related ulcer complications 20 were used as the reference. The use of any concomitant PPI or doubledose H2RA during the entire prescribed duration of NSAID therapy, or the use of COX-2 inhibitor alone, was considered as a gastroprotective strategy for NSAID-associated GI events. No misoprostol co-prescription was included in this study as it was not available in the hospital drug formulary.
The recommended doses of PPIs for gastroprotection were omeprazole (20 mg/day), pantoprazole (20 mg/day) and esomeprazole (20 mg/day). 25 Double-dose H2RA was defined as a dose of $300 mg of ranitidine twice daily. 21 Inappropriate gastroprotective strategies referred to the use of GPAs that were not in accordance with the ACG recommendations, in terms of dosages or coverage of NSAID duration, including the use of antacid. 25 On the contrary, the absence of gastroprotective strategy meant that no gastroprotective strategy, whether appropriate or inappropriate, was prescribed.
During the data collection period, a researcher was stationed at the outpatient pharmacy to screen prescriptions and identify potential participants who met the inclusion criteria. The researcher then approached the potential participant and explained the study to him/her using a "participant information sheet". If the potential participant agreed to 
1651
gastroprotective strategies for nsaiD-induced gastrointestinal events participate in the study, he/she was requested to sign an informed consent form. The researcher then interviewed the participant using a structured questionnaire. The information obtained included the presence of the following GI risk factors: 1) history of GI ulcer with/without complications; 2) age $65 years; 3) concomitant anticoagulant use; 4) concomitant corticosteroid use; 5) concomitant use of low-dose aspirin or other antiplatelets; 6) multiple NSAIDs use and 8) use of high-dose NSAID. 20 High-dose NSAID was defined as any NSAID treatment prescribed at the maximum dose recommended for the symptomatic treatment of arthritic pain. 25, 26 This included diclofenac $150 mg/day, meloxicam $15 mg/day, indomethacin $150 mg/day, celecoxib $400 mg/day and etoricoxib $90 mg/day. 21, [25] [26] [27] [28] [29] After the interview, the researcher checked the pharmacy information system and the participant's medical record to confirm and extract the data, such as current medications and history of prescribed NSAID use.
Information gathered on participants' medical history, history of prescribed NSAID and previous GI ulcers, as well as current medications and comorbidities were limited to that available in the medical records of the institution under study and also from the interviews. Therefore, this information might not be complete if participants sought treatment or were under follow-up in other clinics or hospitals.
This study was approved by the Medical Ethics Committee of University Malaya Medical Centre (reference number: 956.88). To ensure anonymity, no participant's name was indicated in the questionnaire. All participants provided written informed consent.
Statistical analysis
All data were entered and analyzed using the PASW Statistics for Windows, Version 18 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were generated to describe all the variables. Continuous variables were analyzed for mean, standard deviation, median and interquartile range. Models of logistic regression were constructed to determine the risk factors for NSAID-induced UGI events which were associated with the prescribing of gastroprotective strategies. Backward stepwise (likelihood ratio) was selected as the method in this binary logistic regression. A P-value of ,0.05 was considered statistically significant.
Results
During the study period, a total of 9,535 prescriptions with NSAIDs were screened, of which only 1,180 met the inclusion criteria. However, only 561 patients were available and were approached to participate in the study. A total of 413 patients agreed to participate; of whom four were subsequently excluded. The number and reasons for the exclusion of NSAID prescriptions as well as patients are shown in Figure 1 . Therefore, 409 participants were included in the final analysis.
Characteristics of participants and nsaiDs prescribed
The characteristics of participants and NSAIDs prescribed are summarized in Table 1 . The age of participants ranged gi risk factors and the utilization of gastroprotective strategies
Of the 409 participants, 340 (83.1%) had at least one GI risk factor. Among these at-risk participants, 178 (52.4%) were not prescribed any gastroprotective strategies at all. The number of participants with each of the seven GI risk factors and the number of GI risk factors are shown in Table 2 . The absence of gastroprotective strategy in at-risk participants for each of the risk factors is also presented in Table 2 . The risk factor with the most number of participants was the use of high-dose NSAIDs (69.2%), followed by the age of participant $65 years (22%) and concomitant use of low-dose aspirin (11.7%). Of the 283 participants who were given high-dose NSAIDs, 62.5% were prescribed diclofenac sodium SR 75 mg twice daily, but a majority of these high-dose diclofenac users (96.6%) did not receive appropriate gastroprotective strategies. Based on the ACG GI risk stratification and recommendations for the prevention of NSAID-related ulcer complications, the extent of inappropriate gastroprotective strategies under each category of GI risk is given in Table 3 . Table 4 demonstrates the types of appropriate and inappropriate gastroprotective strategies used in accordance with the ACG recommendations. Inappropriate gastroprotection among the 409 participants consisted of the absence (43.5%), underutilization (12.2%) and overutilization (12.7%) of gastroprotective strategies. However, among the 340 at-risk participants, 239 (70.3%) did not receive appropriate gastroprotective strategies. In addition, gastroprotective strategies were underutilized in 67.1% of at-risk participants and overutilized in 59.4% of those without risk factors.
For participants with moderate GI risk, all the appropriately co-prescribed GPAs were omeprazole. Of the nine participants on omeprazole, three were given the standard dose for gastroprotection (20 mg/day) and the other six at high dose (40 mg/day). Although high-dose omeprazole may not be necessary for gastroprotection, the six cases were deemed appropriate as the participants were found to have either a history of or underlying GI problems, such as dyspepsia and gastritis. Among the prescriptions with a GPA, three cases had the duration of omeprazole longer than the NSAID therapy. In one of these three cases, the longer PPI duration did not have any apparent GI reason, whereas in the other two cases the participants had underlying gastritis problems.
One of the two high GI risk participants with appropriate gastroprotection was given high-dose omeprazole (40 mg/day), whereas the other was prescribed high-dose pantoprazole (40 mg/day). Similarly, high PPI doses were acceptable in these cases as these participants had symptoms of dyspepsia and one of them also had a history of peptic ulcer disease. The duration of both the PPIs corresponded to that of the NSAIDs.
Inappropriate gastroprotective strategies prescribed included mainly the use of lower-dose H2RAs (59%; 23/39 
Notes:
a High-dose NSAID was defined as any NSAID treatment prescribed at the maximum dose recommended for the symptomatic treatment of arthritic pain. 25, 26 This included diclofenac $150 mg/day, meloxicam $15 mg/day, indomethacin $150 mg/day, celecoxib $400 mg/day and etoricoxib $90 mg/day.
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Abbreviations: GI, gastrointestinal; NSAID, nonsteroidal anti-inflammatory drug. 
Predictors for prescribing of gastroprotective strategies
Binary logistic regression was performed on the following four categories of GI risk factors: 1) age $65 years; 2) history of UGI ulcers with/without complication; 3) use of high-dose NSAID and 4) multiple NSAIDs and concomitant use of antiplatelets, anticoagulants and corticosteroids. Risk factors that were not significantly associated with the prescribing of gastroprotective strategies for NSAID-induced UGI events were eliminated in each step (Table 5) . From the first to the final step 3, the same two significant risk factors, namely age group $65 years and the use of high-dose NSAID, were maintained. The step 3 results showed that participants aged 65 years and older were 1.89 times more likely whereas those prescribed with high-dose NSAIDs were approximately three times less likely (odds ratio [OR] =0.36) to be prescribed a gastroprotective strategy. 
Discussion
Inappropriate utilization of gastroprotective strategies in NSAID users with GI risk factors in this study was 70.3%. Even more critical was the number of at-risk NSAID users who did not receive any gastroprotective strategy (178 participants; 52.4%). These users should not be denied appropriate gastroprotection and hence, subjected to unnecessary risk of GI complications since established clinical guidelines as well as cost-effective GPAs, such as generic PPIs, are currently easily available.
The high prevalence of inappropriate or absence of gastroprotection among NSAID users had also been reported by Moore et al 22 in their systematic review. However, as highlighted by Rostom et al, 21 direct comparisons of the magnitudes of prevalence should be avoided as all studies had different patient populations, GI risk factors consideration or guidelines used. Since this study used the ACG guidelines as the reference, the utilization of gastroprotective strategies was determined based on both the nature and number of GI risk factors present, 20 and not separately as reported by most other studies. 27, [30] [31] [32] Furthermore, this study adopted the ACG stratification of NSAID users into low, moderate and high GI risk groups, each entailing different gastroprotective strategy approaches. Such stratification of GI risk was also not commonly adopted by the other studies mentioned. 27, [30] [31] [32] For instance, patients with a single risk factor of a previous history of complicated GI ulcer are deemed at high risk of developing NSAID-induced ulcer complication and hence, need to be prescribed a COX-2 inhibitor plus a PPI or misoprostol.
The frequent usage of high-dose diclofenac sodium (150 mg/day; the most common risk factor in the current study) is of particular concern as it is one of the most commonly prescribed NSAIDs in Malaysia. 23, 33 Of the 283 participants given high-dose NSAIDs in the current study, 62.5% were prescribed diclofenac sodium SR 75 mg twice daily, and a majority of these users (96.6%) were not co-prescribed with appropriate gastroprotective strategies. This practice is in contrast to those in the European countries which recorded only 1.2% to 34.2% of high-dose NSAID users. 25, 27 This indicates that insufficient emphasis has been given to high-dose NSAIDs as a GI risk factor and hence, the gastroprotection rate was lower.
The second highest GI risk factor in this study was the age of the patient being $65 years (22%). Elderly population has been the focus of many NSAID studies as this age group often constituted the most common GI risk factor. 27, 34 Of the 90 elderly participants in the current study, 33 (36.6%) did not received any gastroprotection. Gulmez et al 34 noted the low co-prescribing rate of GPAs (36%) in their study and attributed that to the use of the Beers criteria at that time.
The age of the patients $65 years was found to be significantly associated with the prescribing of gastroprotective strategies which is similar to that of other studies. 27, 35 In the current study, elderly patients were approximately two times more likely to be prescribed a gastroprotective strategy. This could be due to their higher susceptibility to medication side effects compared to the younger patients. Besides that, advanced age is also an easily identifiable risk factor. On the contrary, those given high-dose NSAIDs were approximately three times less likely to be prescribed a gastroprotective strategy. This is in contrast to studies by Abraham et al 36 and Thiéfin and Schwalm, 27 which reported ORs of 1.26 and 1.8, respectively. This risk factor is significant, using the binary regression analysis, probably due to its high prevalence in the current study. It is possible that most of the prescribers did not realize that the maximum recommended doses were considered as high dose, and hence they did not consider any gastroprotective strategy. Since high-dose NSAIDs had been associated with a relative risk of 7.0 for developing upper GI clinical events, 21 measures should be taken to highlight this risk factor. The current study recorded a 12.7% rate of overutilization of gastroprotective strategies, which involved 52 participants. This rate is comparable to other studies 27, 37 and warrants attention from health care providers. As highlighted by Thiéfin and Schwalm, 27 overutilization of gastroprotective strategies posed a major concern to public health due to the need to redirect available resources from the overtreated to undertreated patients. In addition, while almost all the duration of PPI therapies correlated with that of the NSAIDs, coverage with a PPI was more than required in eight cases while inadequate in another eight. Sturkenboom et al 30 highlighted the extended use of GPAs following the discontinuation of NSAIDs, whereas other authors 31, 32 reported partial coverage (defined as ,80%) of NSAID treatment days with GPAs.
None of the H2RAs prescribed as GPAs in this study were of the recommended double dose for the prevention of NSAID-induced GI ulcer. This indicates an urgent need to ensure that the use of these agents is optimized to avoid unnecessary wastage of resources and to avoid increasing the risk of GI complications. Previous studies 30, 37, 38 had also highlighted this issue, in which 85%-96% of the co-prescribed H2RAs were of inadequate doses.
The limitations in the current study include an overestimation of gastroprotection. This was due to the assumption that any GPA or antacid treatment given in the same prescription as an NSAID was meant to be used as a gastroprotective strategy, without considering the other indications of these medications prior to NSAID treatment. Second, the findings from this large, single-center study may not be generalizable to other health care institutions. However, since the hospital's outpatient pharmacy serves both primary and secondary care clinics, this study may also be representative of the community settings.
Conclusion
This study confirmed the challenges in preventing GI complications induced by NSAIDs. Awareness of health care providers needs to be increased, and improvement initiatives should be implemented promptly to ensure at-risk NSAID users are not exposed to preventable GI adverse events. A checklist of the risk factors could be prepared to help the physicians identify patients who require gastroprotective strategies. The checklist could also be incorporated into electronic prescribing, where the physicians or the pharmacy staff will be alerted if there is any inappropriate utilization of NSAIDs or gastroprotective strategies. Coté et al 39 reported that the odds of PPI-naive high-risk NSAID users receiving gastroprotection was 1.8 times more with computer alert alone, 1.6 with physician education alone and 2.9 with the combination of both methods (P,0.0001). In addition, future studies should also consider the cardiovascular risk in NSAID users.
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